In this paper, ground tire rubber (GTR) was mechano-chemically modified with road 
Sample preparation
These samples were studied by thermal camera, wavelength dispersive X-ray fluorescence 123 spectrometry (WD-XRF), static headspace and gas chromatography-mass spectrometry (SHS-GC-
124
MS) and thermogravimetric analysis combined with Fourier transform infrared spectroscopy (TGA-125 FTIR). In order to evaluate mechanical properties of the final material, they were later submitted to 126 vulcanization.
127

Vulcanization of reclaimed GTR
128
In order to determine the combined impact of bitumen plasticization and microwave treatment on 129 the curing behavior and performance properties of GTR after short-term microwave-induced 130 devulcanization, the obtained samples were mixed with a sulfur curing system using two roll mill 131 from Buzuluk (Czech Republic).
132
For all samples the same curing system was used. The composition in parts per hundred of rubber
133
(phr) was: stearic acid 1.0; zinc oxide 2.5; TBBS (N-tert-butyl-2-benzothiazole sulfenamide) 0.35; 134 sulfur 1.5.
135
The samples were shaped in sheets with 2 mm thickness and then cured in a electric heated press at 136 150°C under a pressure of 4.9 MPa for the optimum vulcanization time (t90) determined by oscillating 137 disc rheometer according to ISO 3417 standard. 
Measurements
139
Temperature distribution into reclaimed GTR after microwaves treatment was measured using a 140 infrared thermal imaging camera model InfRec R300SR from NEC Avio Infrared
141
Technologies (Japan). The characteristics of InfRec R300SR is presented in Table 1 . 
143
147
Analysis of elements content in microwave treated GTR was determined by wavelength Bruker (USA). Examined samples were puted into dishes for powder studies on Prolen ® foil with 150 thickness 4 µm. Measurements were performed in helium atmosphere.
151
Volatile organic compounds emitted from reclaimed GTR were determined using static 152 headspace and gas chromatography-mass spectrometry (SHS-GC-MS). Measurements were 153 performed using a Shimadzu GC2010 PLUS GC-MS equipped with a split/splitless inlet. The GC-MS
154
system was equipped with an AOC5000 Headspace Auto-Sampler. During analysis, the vial was
155
transported by the injection unit from the tray to the agitator; when the sample achieved the 156 equilibrium, the headspace sample of 2.5 ml volume was drawn from the vial and injected into the The thermal analysis of GTR after microwaves treatment was performed using the
162
simultaneous TGA/DSC model Q600 from TA Instruments (USA). Samples of reclaimed GTR
163
weighing approx. 10 mg were placed in a corundum dish. The study was conducted in an inert gas 164 atmosphere -nitrogen (flow rate 100 ml/min) in the range from 25 to 800°C with a temperature 165 increase rate of 20°C/min. Volatile products from thermal degradation of studied samples were also characteristics of volatile products during TGA/DSC measurements. The timing offset of FTIR spectra range 0-100 dNm. Cure rate index values were calculated in accordance with the formula (3):
where: t90 -optimum vulcanization time, min; t2 -scorch time, min.
176
In order to determine the aging resistance of studied vulcanizates at elevated temperatures, R300
177 parameter was determined. R300 defines the percentage reversion degree after a period of 300 s
178
calculated from the time of reaching maximum torque (MH). R300 was calculated in accordance with 179 the equation (4):
where: MH-maximum torque; M300s -torque 300 s after maximum torque.
183
The tensile strength, elongation at break and modulus at 100% of elongation (M100) were 184 estimated in accordance with ISO 37. Tensile tests was performed on the Zwick Z020 machine
185
(Germany) at a constant speed of 500 mm/min. Direct extension measurements were conducted
186
periodically using an extensometer with sensor arms. 
233
Other strong signal detected by WD-XRF is related to sulfur, commonly used as curing agent in 234 rubber compounds. The result showed that sulfur concentration in studied samples was in range: 
255
Additionally, it should be pointed that these elements can be also present in bitumen [34] . presented. As could be noticed, the higher content of bitumen in studied samples resulted in lower
264
VOCs emission, which is related to lower temperature of GTR after MW treatment (see Table 3 ). 
269
Volatile organic compounds identified using a SHS-GC-MS method are presented in Table 5 . 
277
Detection of benzothiazole corresponds to presence of unreacted curing system or scission of sulfide 278 cross-linking bonds presented in ground tire rubber. 288 Surprisingly, the highest total content of VOCs was determined for unmodified GTR, which
280
289
could be related to SHS-GC-MS analysis conditions, because studied samples were pre-heated at
290
150°C for 20 minutes (see Table 2 ). and derivative thermogravimetry (DTG) are presented in Figure 4 and summarized in Table 6 . 
337
This decrease is also related to the plasticizing effect that, as exposed above, favors migration of the 338 low molecular degradation products and causes a higher weight loss at lower temperatures. The 339 difference between these two samples at T-5%, T-10% and T-50% is not as huge as in case of T-2%. Once the low molecular compounds are evaporated, the removal of the remaining components is not so samples. This effect is combined with the plasticization described previously, for which the low 349 molecular weight components are able to migrate to the surface. The combination of these two effects
350
results in values that in samples containing 2.5 phr are similar to the GTR -MW sample.
351
The third of the described effects is more relevant in the case of sample GTR+2.5 B160/220 -MW 
380
It was found that, regardless of bitumen content, for all samples 3D FTIR spectra were similar.
381
The strongest absorbance bands, situated in the 2800-3000 cm -1 region were observed. These signals 
Curing characteristics of reclaimed GTR
425
Static mechanical properties of vulcanized reclaimed GTR are summarized in Table 8 .
426 Table 8 . Mechanical properties of tested samples
427
As could be observed, all studied samples showed similar tensile properties, tensile strength (TSb) in 
433
Reclaimed GTR is formed by a gel fraction (cross-linked GTR particles that remain after the 434 treatments) and sol fraction (the sum of the devulcanized, degraded and plasticized rubber phase).
435
The formation of a network between cross-linked GTR particles and these different elastomeric chains 
438
In order to confirm these assumption for GTR, tensile properties of obtained reclaimed GTR were 439 compared with other reclaimed rubbers prepared by different methods, as presented in Table 9 . 
440
